(13), the scid fibroblasts had impaired coding join formation but, unlike xrs-6 and XR-1 cells, had a relatively normal level and fidelity (80% precise) of RS joins (Table 1) . This finding suggested that the scid mutation affects a different gene than the xrs-6 and XR-1 mutations. To verify this conclusion, we made multiple cell hybrids between these lines and found a complete complementation of radiation sensitivity. Furthermore, V(D)J recombination activity was restored to normal in the one hybrid (xrs-6/scid) tested (Table 1) . We conclude that xrs-6, XR-1, and scid represent three different genes involved in V(D)J recombination.
The xrs-6 and XR-1 mutations affect both RS and coding join formation (Fig.  lE) ; however, recognition and introduction of double-strand breaks appear to occur normally in these mutants because some RS or coding joins have at least one end at or near the RS or coding junction, and recovered RS and coding joins linked sequences from the expected side of the involved elements. Therefore, it is likely that these mutations either result in hyperexonucleolytic activity or impair the normal joining process such that only illegitimate recombination events are recovered. The presence of extra nucleotides resembling normal P elements [(14) and Fig. 3 ] in the XR-1 mutant suggests that the defect in this mutant affects a V(D)J recombination step downstream of that involved in the generation of these elements and the activity affected by the scid defect (13, 15) . V(D)J recombination has some mechanistic similarities to certain transposition events. For example, P element transposition in Drosophila occurs by a cut-and-paste process usually followed by double-strand gap repair to restore the donor P element (16) . A gene product (mei-41) necessary for recovery of P-bearing chromosomes undergoing transposition has also has been implicated in DSBR (17) . Furthermore, protection of ends in DSB intermediates by a stable protein complex occurs in Tn7 and TnlO transposition in Escherichia coli (18) . In the radiosensitive Rad52 epistatis group of yeast, mutants show defects in meiotic and mitotic recombination (19, 20) . Furthermore, yeast exhibit extensive exonucleolytic processing of broken DNA ends during meiosis and mating-type switching (21) . In this context, the xrs-6 or XR-1 mutations might lead to a failure to protect free ends from extensive degradation by eyes (2, 3) . The billfishes accomplish this more limited form of endothermy with the use of a thermogenic organ composed of highly modified extraocular muscle fibers (7). In billfishes, expression of the heater phenotype (thermogenic muscle cells that produce heat without force generation) is associated with the superior rectus eye muscle. A countercurrent heat exchanger retains the heat beneath the brain, and a distinct arterial supply directs warm blood to the retina (2, 7). One other scombroid, the butterfly mackerel, Gasterochisma melampus, also uses cranial endothermy, but the thermogenic tissue in this species is derived from the lateral rectus eye muscle (2). The lateral and superior rectus muscles derive from different somites during ontogeny implying separate evolutionary origins of the thermogenic cell type in Gasterochisma and billfishes. However, heater cells of Gasterochisma and billfishes are structurally identical and have similar biochemical properties (8), suggesting they are homologous. A close phylogenetic relationship between these taxa would support this latter possibility, particularly if billfishes and Gasterochisma share a common ancestor to the exclusion of other species lacking the thermogenic tissue type.
Tunas possess no tissue specialization for heat production and instead retain metabolic heat by way of vascular countercurrent heat exchangers located in the brain, muscle, and viscera (1). Red aerobic muscle, which powers sustained swimming, contributes a major fraction of this metabolically derived heat. In most teleosts, the red muscle is located laterally, just beneath the skin. In tunas, this muscle occupies an atypi- cal centralized location, and is closely apposed to the axial column (1, 9). The central positioning of red muscle in tunas has received much attention as a result of its role in endothermy; however, it may also reflect the unique locomotor style of the tunas, thunniform swimming (10). These fish generate thrust exclusively via the tail and restrict their propulsive movements to the caudal region (11). Evolution of the locomotor apparatus and endothermy may be tightly coupled in this lineage; thunniform swimming arises concomitantly with a movement of the aerobic red muscle internally, and this central aerobic muscle mass is the major source of metabolic heat in tunas (12). Hypotheses concerning the evolution of endothermy in the Scombroidei require testing in a phylogenetic context (13). We address three specific points: (i) the number of times endothermy has originated in the Scombroidei; (ii) the selective pressures that favored the evolution of endothermy in this suborder; and (iii) the reason for the evolution of two distinct endothermic strategies. Recent studies based on morphological characters address systematic relationships within the suborder Scombroidei (14, 15). These studies disagree over the taxonomic affinities of Xiphiidae, Istiophoridae, and Gasterochisma taxa that are key to the study of the evolution of endothermy within the suborder. In an attempt to resolve these relationships, we have produced a hypothesis of scombroid phylogeny based on molecular data. By mapping characters that are putatively associated with the evolution of endothermy on an independently derived phylogeny for the scombroid fishes, we provide a hypothesis for the evolution Fig. 1) identified a  single minimum length tree (Fig. 2) . Data presented here are an important addition to our understanding of scombroid systematics because the cytochrome b sequence is informative about the affinities of key taxa whose relations based on morphology are-in dispute, in particular, the billfishes and Gasterochisma melampus. In contrast to recent morphological results (14, 15) , the molecular data support a monophyletic billfish clade (Istiophoridae plus Xiphiidae) with no close affinities to other scombroids (Scombridae, Trichiuridae, and Gempylidae). Both molecular and morphological data (14, 15) support the monophyly of endothermic tunas (Auxis, Euthynnus, Katsuwonus, and Thunnus) and place ectothermic bonitos (Sarda) as their closest relatives. Gasterochisma melampus has proven difficult to place taxonomically by morphological criteria because it possesses a suite of primitive and uniquely derived characteristics (2, 7,  19, 20) . According to the cytochrome b sequence analysis, G. melampus falls within a radiation which includes primitive scombrids (Scomber) and gempylids (Ruvettus). However, the nodes within this region of the tree are not strongly supported because terminal branches are relatively long when compared to the intemal branches. This placement of Gasterochisma is congruent with a recent osteological study (19) . Both morphological and molecular data suggest this species evolved independently for a long period.
Mapping the distribution of the en-A B REPORTS dothermic strategies on the phylogeny indicates that endothermy evolved at least three times within the Scombroidei (Fig.  2) . Cranial endothermy, which involves a thermogenic organ, evolved twice. Xiphiidae (Xiphias) and Istiophoridae (Istiophorus, Makaira, and Tetrapturus) share a common ancestor to the exclusion of other scombroids, indicating that a thermogenic organ associated with the superior rectus is a synapomorphy of these taxa (21). However, Gasterochisma is nested within a separate clade, which refutes the possibility that the thermogenic cell type of Gasterochisma is homologous to that of the billfishes. Endothermic tunas comprise a derived clade within the Scombridae, separate from Gasterochisma, which supports a single unique origin for the systemic endothermy characteristic of this group. The repeated evolution of endothermy in the Scombroidei suggests that there is strong selection for this energetically costly metabolic strategy. All three endothermic scombroid lineages have expanded their ranges (22) into cool temperate waters (50?N and S); this supports the primacy of niche expansion over increased aerobic capacity as a selective force. The adaptive value of warming the brain and eyes, a, characteristic of all three endothermic lineages, seems clear. Whereas brain and eye warming cannot improve locomotor performance or increase aerobic scope, the ability to warm the central nervous system permits these active, visually oriented predators to forage over a wide temperature range (2, 3). For example, in swordfish, Xiphias gladius, brain temperature remains constant during deep dives when ambient water temperature changes as much as 19?C (2). Warming the brain permits the swordfish to feed on vertically migrating squid both at the surface and at depth. Other large predators (cetaceans, tunas) that exploit this vertically migrating community in the same intensive fashion also minimize variations in tissue temperature. Swordfish, as well as certain tunas and sharks, use behavioral and physiological thermoregulation to reduce conductive and convective heat loss and increase foraging time in cold waters (2, 23). Thus, in many of the largest oceanic fishes, daily and seasonal movement away from oligotrophic tropical waters into colder, more nutrient rich seas, has been accompanied by the evolution of some form of endothermy.
In contrast to fishes with thermogenic organs, endothermy in tunas is not restricted to warming the central nervous system, but includes warming of the muscle and viscera (1). The ability to warm brain, muscle, and viscera in tunas represents at least three independent evolutionary events: the acquisition of countercurrent heat exchangers in three separate anatomical locations. Therefore, different selection pressures may have favored the evolution of brain and muscle warming mechanisms. Regardless of the selective advantage of warm muscles, their presence in tunas and absence in other scombroids may be a result of historical constraints. The phylogeny (Fig. 2) suggests a link between the tunas' ability to conserve metabolic heat from red muscle and their unique stiff-bodied mode of locomotion, thunniform swimming (9, 10). Internalization of red muscle along the main horizontal septum is seen in the endothermic tunas which utilize the derived, stiff-bodied form of swimming (Fig. 3) . Most scombroids utilize the ancestral, more undulatory carangiform swimming mode and have laterally placed red muscle. Carangiform swimming has been reported for the billfishes (Fig. 3) (24) , Scomber and Scomberomorus, and most likely applies to Gasteroschisma, which has laterally positioned red muscle (25) . The bonitos (Sarda) are the ectothermic sister group to the endothermic tunas (Fig. 2) and have in some species a degree of red muscle internalization intermediate between tunas and other scombroids (26) . This suggests that internalization of red muscle (Fig. 2) preceded the evolution of vascular countercurrent heat exchangers and predisposed this clade for conserving metabolic heat from muscle. The swimming mode of the bonitos has not been extensively characterized. If the bonitos swim in a more stiff-bodied fashion than carangiforms, it would argue that internalization of red muscle was initially driven by mechanical demands of a newly evolved swimming form and later contributed to the endothermic condition in tunas. Laterally placed red muscle is a constraint against developing endothermy like that of tunas because of the inability to conserve heat sufficiently when the aerobic red muscle is located close to the body surface (1, 27). Despite this historical limitation on their ability to maintain elevated muscle temperatures, billfishes and Gasterochisma appear to have evolved the minimum required endothermic capacity for expanding their thermal niches, heating the central nervous system. Taxol, a highly derivatized diterpenoid (1), has shown promise as an anti-tumor agent in breast and ovarian cancers (Fig. 1)  (2, 3) . The primary source of taxol has been the harvested and dried inner bark (phloem-cambial tissues) of Taxus brevifolia (Pacific yew) (4, 5). Pacific yew is a slowgrowing tree found in moist soils near streams and lakes in certain regions of the Pacific Northwest (6). Only 0.01 to 0.03% of the dry phloem weight is taxol, yet as much as 2 g of purified taxol is required for a full regimen of anti-tumor treatment (5). The supply issue is further complicated by the scarcity of the yew tree. Although all 11 species of Taxus make taxol, natural stands of these trees are often small and located in remote areas.
Here we report the production of taxol by Taxomyces andreanae, an endophytic fungus associated with Taxus brevifolia (7). We confirmed the presence of taxol and related taxanes in 3-week-old cultures of the fungus by mass spectrometry, immunochemistry, chromatographic methods, and radiochemical techniques.
The search for yew-associated microbes that produce taxol is justified by previous examples of plant-associated microbes producing "plant" compounds, such as gibberellins (8). The pathways of gibberellin biosynthesis in the fungus and the higher plant are identical up to GA12 (9). We examined 
